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A  major  effort  was  made  during  the  last  year  to  acquire  and  establish 
experimental  infections  using  a  variety  of  Leishmania  isolates.  While  some 
of  these  recent  parasite  acquisitions  proved  non-infective  for  hamsters, 
we  have  succeeded  in  establishing  animal  infections  with  two  isolates  of 
L.  infantum  (Greece  and  France),  two  isolates  of  L_.  chagasi  (Brazil),  one  new 
isolate  of  donovani  (Kenya) ,  one  isolate  of  unknown  identity  from  natural 
infections  of  dogs  in  Oklahoma,  one  isolate  from  Honduras  (presumably  L.  chagasi) 
and  two  strains  of  cutaneous  origin  from  South  America  (jL.  mexicana  mexicana 
and  L.  mexicana  amazonensis) .  These  acquisitions  complement  those  strains 
previously  established  in  our  laboratory. 

The  most  interesting  of  these  strains  proved  to  be  an  isolate  from  a  human 
case  of  visceral  leishmaniasis  in  Honduras  (Santos  Herrera;  WR116) .  When  cultured 
promastigotes  of  this  parasite  were  inoculated  intracardially  (IC)  into 
hamsters,  infected  animals  developed  heavily  parasitized,  non-ulcerating  cutaneous 
lesions  on  the  nose,  footpads  and  genitals.  Only  low  numbers  of  visceral 
parasites  were  detected  by  impression  smears  of  the  spleen  and  bone  marrow. 
Subsequent  parasite  inoculations  into  hamsters,  using  either  amastigotes  isolated 
from  dermal  lesions  in  hamsters  or  cultured  promastigotes  grown  from  splenic 
isolates,  produced  similar  cutaneous  infections.  Since  Santos  Herrera  exhibited 
such  strong  dermatropic  tendencies,  it  was  next  inoculated  intradermally  (ID)  into 
BALB/c  mice.  The  resultant  course  of  infection,  as  shown  in  Figure  1,  is 


typical  of  that  seen  with  L_.  tropica  or  with  a  variety  of  parasites  of  the 
L^.  mexicana  complex. 

Thesd  studies  suggested  that  this  human  visceral  isolate  was  really  a 
cutaneous  strain  which  could  potentially  cause  visceral  infections  in  man. 

To  test  the  relationship  of  Santos  Herrera  to  known  cutaneous  parasites,  a 
cross-protection  study  was  run  against  a  defined  cutaneous  species.  C57BL/6 
mice  were  inoculated  intradermally  with  1  x  10^  amastigotes  of  a  relatively 
nonvirulent  strain  of  L^.  mexicana  amazonensis.  After  resolution  of  infection 
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(6  weeks)  healed  and  control  mice  were  injected  ID  with  10  amastigotes  of 
either  L.  mexicana  mexicana  or  Santos  Herrera.  As  might  be  expected,  L.m. 
amazonensis  provided  some  protection  against  L.  m.  mexicana.  In  addition, 

L^.m.  amazonensis  also  protected  against  chronic  infection  with  Santos  Herrera 
(Figure  2).  These  studies  revealed  another  characteristic  of  the  Honduran 
isolate:  following  ID  inoculation  into  C57BL/6  mice,  the  parasites  induced 
a  primary  ulcer  which  appeared  to  heal,  only  to  relapse  and  cause  large,  non¬ 
healing  cutaneous  lesions.  Since  prior  exposure  to  L.  m.  amazonensis 
provided  protection  against  relapsing,  but  not  primary,  lesions  with  Santos 
Herrera,  it  is  unlikely  that  these  two  parasites  are  identical.  However,  the 
clinical  protection  afforded  by  the  U  mexicana  amazonensis  strain  does  provide 
a  basis  for  future  studies  aimed  at  protecting  animals  against  more  virulent 
visceral  or  non-healing  cutaneous  strains  following  exposure  to  purely  cutaneous 
strains  of  low  virulence. 

An  effort  has  been  made  to  identify  the  Santos  Herrera  isolate  by 
sending  the  organism  to  Dr.  Diane  McMahon  Pratt  for  monoclonal  antibody 
typing.  Previous  typings  by  radiorespirometry  and  isozymes  do  not  agree  as 
to  the  cutaneous  or  visceral  origin  of  this  organism.  If  the  parasite  is 
L.  chagasi,  then  it  certainly  behaves  differently  form  other  L.  chagasi 
isolates  from  Brazil  which,  in  this  laboratory,  produce  classical  visceral 


infections  in  hamsters. 

In  addition  to  studies  with  the  Santos  Herrera  strain,  we  have  also  run 
a  few  preliminary  infections  with  a  strain  of  L.  infantum  (WR438)  which  was 
isolated  from  a  Boston  dog  following  travel  to  Greece.  This  strain  is  purely 
viscerotropic  and  produces  systemic  infections  similar  to  L.  donovani  following 
IC  inoculation  into  hamsters,  although  this  parasite  appears  to  proliferate  at 
a  slower  rate  than  our  reference  strain,  L.  donovani  (2S)  from  the  Sudan. 
Following  intradermal  inoculation,  animals  given  438  strain  amastigotes  exhibited 
a  similar  degree  of  resistance  to  challenge  with  the  2S  strain  as  to  a  homologous 
438  challenge,  suggesting  an  antigenic  relationship  between  organisms  causing 
visceral  infection  in  Greece  and  the  Sudan  (see  Figure  3) . 

We  have  also  run  one  course  of  infection  study  comparing  strain  438  with 
a  strain  of  L.  infantum  isolated  from  a  human  case  of  visceral  leishmaniasis  in 
France  (WR.-351).  Liver  parasite  burdens  from  infected  animals  were  as  follows: 


Strain  438 
Strain  351 


Day  1 


1.02  x  10 


1.04  x  10 


Day  16 


7.1  x  10 


2.1  x  10' 


These  hepatic  parasite  numbers  suggest  that  the  351  strain  grows  at  a  very 
slow  rate  iji  vivo  when  compared  to  the  438  strain.  Whether  or  not  this  is  an 
intrinsic  characteristic  of  the  parasite  is  yet  to  be  determined  since  this 
organism  had  only  been  passaged  once  through  hamsters  prior  to  the  above  course 
of  infection  study.  Additional  animal  passages  may  increase  the  virulence 
(eg.  growth  rate)  of  this  strain. 

Immunity  to  L.  donovani  in  the  Golden  Hamster 

Much  of  our  effort  during  the  past  year  concentrated  on  the  study  of 
immunological  responses  in  hamsters  infected  with  the  2S  (Sudan)  strain  of 
L.  donovani.  Briefly,  we  have  utilized  three  model  systems: 


1)  I  C  infections  -  Inoculation  of  1-10  x  10^  amastigotes  intracardially 
results  in  a  progressive  visceral  disease  in  which  parasites  multiply 
unchecked  in  spleen  and  liver  tissue,  and  death  ultimately  results 
from  a  fulminating  infection. 

2)  ID  infections  -  Inoculation  of  1-10  x  10^  amastigotes  intradermally 
into  hamsters  results  in  transient  dermal  lesions  which  usually 
resolve  within  6-8  weeks.  These  animals  display  significant  acquired 
resistance  to  reinfection. 

3)  I  D  -  I  C  Challenge  infections  -  Inoculation  of  1-I0xl06  amastigotes 
ID  followed  several  weeks  later  by  an  IC  challenge  with  similar  numbers 
of  organisms  results  in  visceral  infections  in  which  splenic  and  hepatic 
parasite  burdens  are  significantly  lower  than  those  seen  in  primary 

IC  infections.  Acquired  resistance  is  not  absolute,  however,  since 
parasite  numbers  eventually  increase  and  animals  ultimately  succumb 
to  infection. 

Preliminary  studies  in  these  model  systems  compared  the  response  to  con  A 
of  spleen  cells  from  normal  hamsters  with  spleen  cells  from  hamsters  inoculated 
IC  with  1  x  10^  amastigotes.  Since  previous  studies  in  this  laboratory  had 
demonstrated  an  indomethacin-sensitive,  nonspecific  suppressor  cell  in  mice 
infected  with  _L.  tropica  (Scott  and  Farrell,  J.  Immunol.  127:2395,  1981),  the 
effect  of  indomethacin  on  hamster  responses  was  also  assessed.  The  results 
from  an  8  week  course  of  infection  are  summarized  in  Table  1.  Briefly,  spleen 
cells  from  IC  inoculated  animals  show  a  depressed  ability  to  respond  to  Con  A  as 
the  infection  progresses.  In  this  particular  study,  markedly  lower  Con  A 
responses  were  seen  at  4  weeks  of  infection,  at  which  time  proliferative 
responses  were  partially  reversed  by  indomethacin.  Spleen  cells  from  hamsters 
infected  for  6-8  weeks  are  almost  totally  nonresponsive  to  Con  A  and  these 
depressed  responses  were  not  augmented  by  indomethacin.  Since  other  studies 


from  this  laboratory  have  demonstrated  an  adherent  splenic  macrophage  from 
viscerally  infected  hamsters  which  suppresses  antibody  production  to  sheep 
RBCs  ijj  vitro,  it  is  possible  that  a  similar  cell  also  suppresses  cell  prolif¬ 
eration  to  mitogens.  Some  evidence  for  this  is  seen  in  Table  2  which  shows  that 
removal  of  phagocytic  cells  by  carbonyl  iron  treatment  enhances  depressed  Con  A 
responses.  Since  macrophages  are  a  major  source  of  prostaglandins,  it  is  likely 
that  the  onset  of  indomethacin-reversible  depression  is  related  to  an  influx 
of  macrophages  into  the  spleen  and  is  associated  with  splenic  hyperplasia 
during  infection.  The  failure  of  indomethacin  to  influence  responses  at  6  or 
8  weeks  may  suggest  additional  suppressor  mechanisms  or  else  altered  T  cell 
levels  and/or  function  during  this  stage  of  the  disease. 

In  a  related  experiment,  we  also  compared  Con  A  responses  by  spleen  cells 
from  IC  vs  ID  infected  hamsters.  As  seen  in  Table  3,  only  the  IC  spleen  cells 
show  depressed  responses  to  this  mitogen;  ID  spleen  cell  responses  are  similar 
to  controls. 

Since  the  primary  emphasis  of  this  work  is  to  investigate  parasite-specific 
immunological  responses,  we  have  also  assayed  antigen-specific  proliferative 
responses  in  experimentally  infected  animals.  The  antigen  for  these  studies 
was  prepared  by  sonically  disrupting  L.  donovani  (2S)  promastigotes.  As  seen 
in  Table  4,  spleen  cells  from  IC  inoculated  hamsters  develop  a  transient  antigen- 
specific  response  which  was  present  at  2  weeks  but  disappeared  by  4  weeks  of 
infection.  Since  background  thymidine  uptake  varied  among  infected  animals, 
results  are  presented  as  both  ACPM  and  stimulation  indices  (a  stimulation  index 
of  less  than  2  is  not  significant) .  Indomethacin  had  no  appreciable  effect  on 
antigen-specific  responses. 

The  most  interesting  results  from  this  series  of  experiments  came  from 
a  comparison  of  proliferative  responses  in  ID,  IC,  and  ID-IC  challenged  hamsters. 
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Table  5  shows  relative  visceral  parasite  burdens  in  these  groups  of  animals. 

As  expected,  ID  parasite  inoculation  did  not  result  in  significant  levels  of 
hepatic  parasites.  IC  injections,  however,  produced  a  typical  visceral  course 
of  infection  with  a  rapid  increase  in  hepatic  parasite  numbers.  As  predicted, 
exposure  to  a  prior  ID  infection  led  to  some  acquired  resistance  as  evidenced 
by  significantly  lower  hepatic  parasite  burdens  in  the  ID-IC  challenged  group. 

The  proliferative  responses  to  Con  A  by  spleen  and  lymph  node  cells 
from  these  three  groups  are  shown  in  Table  6.  As  previously  described.  Con  A 
responses  by  spleen  cells  from  ID  infections  are  normal,  whereas  those  from 
IC  infections  are  depressed.  Of  interest  is  the  observation  that  lymph  node 
cells  from  the  IC  infected  group  remained  responsive  to  Con  A,  which  suggests 
that  depression  is  limited  to  heavily  parasitized  tissues  such  as  the  spleen. 
It  also  appears  that  a  relative  state  of  resistance,  as  is  seen  in  the  ID-IC 
challenged  group,  does  not  prevent  nonspecific  immunodepression  in  the  spleen. 
This  is,  perhaps,  not  surprising,  since  splenic  hyperplasia  in  this  group 
is  similar  to  that  in  animals  receiving  only  an  IC  infection  (data  not  shown) . 

However,  when  antigen-specific  responses  were  assessed,  the  results 
indicated  that  an  antigen-specific  suppressor  cell  may  be  operating  in  these 
systemically  infected  animals.  The  results,  in  Table  7, show  that  lymph  node 
cells  from  ID-IC  challenged  animals  did  not  respond  to  antigen,  even  though 
they  did  respond  to  Con  A.  Since  the  prior  ID  infection  would  provoke  a 
strong,  antigen-specific  proliferative  response,  we  must  assume  that  the  IC 
challenge  induces  active  suppression  of  this  response.  Since  non-specific 
suppression  appears  to  be  limited  to  the  spleen,  it  is  likely  that  parasite- 
specific  suppression  is  due  to  a  circulating  suppressor  cell  rather  than  to 
suppressor  macrophages  which  develop  and  reside  in  parasitized  spleen. 


In  addition  to  proliferative  responses,  we  have  also  followed  DTH 
responses  in  infected  animals.  The  antigen  used  in  these  studies  was  phenol- 
saline-killed  promast igotes  (leishmanin) .  The  results,  shown  in  Table  8, 
have  been  difficult  to  interpret.  Animals  inoculated  ID  appear  to  consistently 
respond  to  leishmanin  with  footpad  swelling  which  peaks  at  24  hrs  and  remains 
high  through  48  hrs.  Animals  infected  by  the  IC  route  show  marked  footpad 

responses  at  24  hrs  but  minimal  48  hr  responses.  These  animals  also  exhibit 
strong  Arthus  (6  hr)  responses.  Animals  with  ID  infections  followed  by  an  IC 
challenge  appear  to  have  significant  48  hr  responses;  however,  we  have  been 
able  to  consistently  detect  live  amastigotes  within  the  leishmanin-injected 
footpads  of  these  animals.  It  is  probable  that  these  parasites  have  been 
recruited  to  the  skin-test  site,  possibly  within  mononuclear  cells  from  the 
bone  marrow.  Their  presence  complicates  the  interpretation  of  skin  test  results 
since  live  organisms  might  affect  the  type  and  degree  of  inflammatory  response. 
This  problem  will  be  addressed  in  our  renewal  proposal. 

In  addition  to  the  above  progress,  we  wish  to  reiterate  the  results 
of  two  previous  experiments,  since  they  will  provide  the  basis  for  studies 
proposed  in  our  renewal  application.  The  first  of  these  studies  examined 
dose  and  timing  effects  of  cutaneous  infections  on  resistance  to  IC  challenge 
infections.  Briefly,  hamsters  were  inoculated  ID  with  either  1.5  x  10^ 
or  1.5  x  106  jL.  donovani  amastigotes.  Groups  of  these  ID  inoculated  hamsters, 
as  well  as  normal  control  animals,  were  then  challenged  IC  with  1  x  10^ 
organisms  at  1,2,3  or  4  weeks  after  the  ID  infections.  Animals  were  sacrificed 
10  days  after  challenge  to  determine  parasite  burdens.  As  shown  in  Figure  4, 
the  ID  inoculated  animals  showed  increasing  resistance  to  an  IC  challenge 
through  the  first  4  weeks  of  infection,  with  higher  numbers  of  organisms  ad¬ 
ministered  intradermally  producing  a  greater  level  of  resistance. 
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A  second  experiment  was  performed  to  test  if  drug-cure  of  active  visceral 
infections  would  enhance  resistance  to  an  IC  challenge  infection.  Hamsters 
were  first  inoculated  with  1  x  10^  parasites  by  either  an  intracardial  or  intra- 
peritoneal  route.  At  three  weeks,  these  infected  animals,  as  well  as  controls, 
received  Pentostam  (180  mg/kg  IP1  daily  for  14  days.  Thirty-five  days  after 
the  end  of  drug  treatment,  all  animals  were  challenged  IC  with  approximately 
5  x  10^  amastigotes  and  sacrificed  11  days  later  for  the  determination  of  levels 
of  visceral  parasitization.  The  results,  in  Figure  5,  show  that  the  IP  infected, 
drug-treated  hamsters  showed  a  substantial  reduction  in  parasite  numbers  when 
compared  with  controls.  The  IC  infected,  drug-treated  group  did  not  show  similar 
evidence  of  resistance  to  infection.  The  reasons  for  these  different  effects 
are  unclear;  however,  they  do  suggest  the  IP  inoculated  animals  are  able  to 
generate  some  resistance  if  the  infection  is  terminated  during  its  early  stages. 
Further  studies  will  be  proposed  to  investigate  immunological  responses  in 
these  animals  following  ~ure  of  systemic  infection. 


FIGURE  1 

Course  of  infection  of  Santos  Herrera  strain  in 
mice  following  ID  inoculation  with  1  x  10?  promastigotes 
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Table  1. 


Effect  of  Indomethacin  on  Con  A  responses  by  spleen  cells 
from  hamsters  infected  with  Leishmania  donovani. 


Week  of  Infection  Indomethacin  Con  A  Response  (a  CPM)  * 


0 

+ 


74,362 

83,043 


2 


+ 


48,914 

61,416 


4 


+ 


10,358 

32,341 


6  -  3,856 

+  5,799 

8  -  1,050 

♦  1,674 


*  ACPM  =>  Stimulated  CPM  -  background  CPM 
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Table  2.  Effect  of  carbonyl  iron  treatment  on  Con  A 
responses  by  spleen  cells  during  visceral  infection. 


C 


Duration  of 


Spleen  Response  After 

Con  A  Response  Carbonyl  Ion  Treatment 
(%  of  Control)  (%  of  Control) _ 

9 3%  94% 

59%  71% 

28%  59% 


k 

k 


Jj. 


Table  4.  Effect  of  indomethacin  on  antigen  specific  responses  by 
spleen  cells  from  hamsters  infected  with  Leishmania  donovani 


Week  of 
Infection 

Indomethacin 

Antigen  (4  yg/ml) 
Response  (ACPM) 

Stimulat 

Index 

0 

1,574 

1.1 

+ 

2,040 

0.9 

2 

_ 

24,019 

13.3 

♦ 

24,299 

14.6 

4 

3,195 

1.21 

+ 

9,921 

1.78 

6 

3,767 

2.24 

+ 

3,403 

1.83 

8 

. 

2,692 

1.29 

♦ 

8,510 

1.27 

CPM  with  Ag 
CPM  without  Ag 
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Table  5.  Mean  liver  parasite  burdens  in  control  and  resistant  hamsters 


Week  of 
Infection 

ID* 

IC** 

ID  --  IC  challenge*** 

2 

none 

detected 

80  x  106 

7  x  106 

4 

none 

detected 

270  x  106 

22  x  106 

6 

none 

detected 

1060  x  106 

82  x  106 

*  5  x  106  amastigotes  ID 

**  lx  1 07  amastigotes  IC 

***  5  x  106  amastigotes  ID  followed  at  least  3  weeks  later  with 

1  x  10'  amastigotes  IC 
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Table  7.  Comparison  of  antigen-specific  proliferative  responses  in 
ID,  IC,  and  ID-challenge  hamsters 


responses  to  Leishmanin  in  hamsters  infected  with  L.  donovani* 


Dr.  Jay  P.  Farrell 
U.S .  Army 

From  10/1/81  Through  11/30/82 


Budgeted 

Categories 


Personnel 

Benefits 

Supplies 

Repair 

Equipment 

Publication 

Misc. 

Animal  Care 
Indirect  Costs 


Current 

Budget 

Actual  Expen¬ 
ditures  Thru 
12/31/81 

Est.  Costs 
for  Remainder 
of  Current 
Budget  Period 

Total 

Estimated 

Expenditures 

14,661 

409 

15,070 

3,667 

3,564 

103 

3,667 

18,521 

10,523 

2,700 

13,223 

600 

576 

24 

600 

7,615 

7,035 

0 

7,035 

250 

0 

0 

0 

7,960 

4,652 

0 

4,652 

8,170 

13,829 

3,777 

17,606 

37,529 

31,074 

6,455 

37,529 

Estimated 

Unexpended 

Funds 


0 

0 

5,298 

0 

580 

250 

3,308 

(9,436) 
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